This study aimed at exploring the effect of complete replacement of berseem hay (control) in the diet by leaves and stems of salt tolerant plants (Acacia nilotica, Atriplex nummularia and Cassava manihot esculenta) on some minerals profile in blood and milk of Barki ewes under the conditions of Egyptian north western coast. Forty mature healthy Barki ewes at late pregnancy, 3-4 years old with an average live body weight 51.5 ± 0.46 kg were randomly divided into 4 similar groups (10 ewes each). The first group was fed the control diet which consisted of 40% concentrate feed mixture plus 60% berseem hay (BH), while in the 2 nd , 3 rd and 4 th groups, BH as percentage was replaced by Acacia, Atriplex and Cassava respectively. All animals were kept under the same managerial conditions. The experiment was lasted 4 weeks befor parturition and along the lactation period for nearly two months. From each group, 5 ewes were chosen randomly every week to obtain milk samples. The same procedure was carried out but biweekly for blood sampling. Chemical analysis was performed for estimating some macro and micro-mineral concentrations in blood and milk.Feeding salt tolerant plants resulted in increasing the blood concentrations of Ca, P, Fe and Mn. However, the level of blood Cu decreased by feeding these plants. Feeding Acacia resulted in the highest level of Zn. Each of Ca/P ratio and blood levels of Na, K and Mg were not affected. The highest overall means for the macro-elements were found in milk of ewes fed Atriplex. In addition, those ewes showed the highest level of Mg in their milk. Feeding Acacia resulted in the highest level of Cu, while nourishing Cassava developed the highest level of Zn. Nevertheless, no serious changes were found in concentration of macro and micro-elements either in blood or milk of ewes fed these slat tolerant plants. Accordingly, it can be concluded that it safe to replace hay with one of these plants in feeding lactating Barki ewes.
INTRODUCTION
Livestock are the main source of income for people in North Western Coastal regions in Egypt. Barki sheep are well adapted to such areas when compared to other sheep breeds. Besides overgrazing, the natural rangelands were deteriorated resulting in severe animal feed shortages, especially in the dry seasons (El-Shaer, 2004) . Under these challenging conditions, untraditional feed resources such as tanniniferous plants shrubs and other salt-tolerant plants can offer practical alternatives in marginal areas as stated by El-Shaer and Gihad (1994) and Squires and Ayoub (1994) . These inedible plant types represent roughly about 70% of the total green coverage in this area of Egypt (El-Shaer et al., 1997) . Salt tolerant plants are characterized by moderate digestible crude protein, low digestible ether extract and soluble carbohydrates, but high oxalate and mineral concentrations, principally Na, K, Cl and Ca. (El-Shaer and Ben Salem et al., 2002) . However, feeding Salt Tolerant plants for a long duration exhibited changes in the body fluids, haemogram and histopathology of different organs, which did not return back to normal conditions after exclusion of the plants from the diet (Ibrahim, 2001) . Haenlein (2001) explained that milk yield and milk composition of ruminants vary by system of feeding, breed, parity, season, managerial practices, environmental circumstances, lactation stage and health state of the Mammary gland. Sheep milk contains high total solids and major nutrient contents. He added that many changes in sheep milk composition occurred during the late stage of lactation because towards the end of lactation the fat, protein, total solids and minerals contents increased, while the lactose content decreased.
Sheep milk has around 0.9% total minerals or ash compared to 0.7% in cow milk (Young and Haenlein, 2006) . They showed that calcium, phosphorus, magnesium, zinc, iron and copper contents are higher in sheep than in cow milk, while the reverse seems to be the case on average for potassium, sodium and manganese. However, changes could occur due to feeding differences and months of the year. The minor and trace minerals are of nutritional and possible health interest but their levels in sheep milk have not received much study.
Macro and micro-elements are essential to maintain the optimum and living status in domestic animals by playing a critical role in the physiological processes related to health, growth and reproduction and the adequate function of the immune and endocrine systems (Arthington, 2005; Andrieu, 2008 and Soetan et al., 2010) as they are important for functioning of a number of enzymes and proteins within the body (Close, 1998; Boland, 2003 and Gressley, 2009 ). Accordingly, trace elements contribute to general health by building body defense mechanisms and improving metabolism and hence deficiency can predispose to disease. Effect of trace elements on growth and milk production has been widely studied (Kinal et al., 2005; Atyabi et al., 2006; Griffiths et al., 2007; Siciliano-Jones et al., 2008 and Hackbart et al., 2010) . Kinal et al., (2007) reported significantly increased milk production following trace mineral supplementation. Zinc is an essential trace element involved in the catalytic, structural and regulatory processes of keratinization and in general protein metabolism (Paulrud, 2005) , consequently, teat canal keratin production is dependent on zinc status (Paulrud, 2005) . Like zinc, both copper and manganese are important for keratin formation (Tomlinson et al., 2004) that provides udder immunity. Growth is affected by the roles of copper (Gengelbach and Spears (1998) , manganese (Hansen et al., 2006) , cobalt (Schwarz et al., 2000) and zinc (Gressley, 2009 ). Vongsamphanh and Wanapat (2004) found that feeding of high levels of Cassava hay and dried Cassava root increased the milk yield, but decreased the feed conversion ratio. However, they succeeded to decrease feed cost.
Blood levels of calcium, phosphorus and magnesium in small ruminants in prepartum and lactation period reflect their metabolism or supply of these substances through feed and their utilization by all tissues particularly mammary glands (Djokovic et al., 2014) . Administration of iron provided an increase in hematological parameters and a better growth in calves (Lindt and Blum 1993; Mohri et al., 2004; Heidarpour Bami et al., 2008) .
This study aimed at exploring the effect of complete replacement of berseem hay (control) in the diet by leaves and stems of salt tolerant plants (Acacia nilotica or Atriplex nummularia or Cassava manihot esculenta) on some minerals profile in blood and milk of Barki ewes in Egyptian north western coast. 
MATERIALS AND METHODS

Animals and experimental managements:
Forty mature healthy Barki ewes at late pregnancy (last third), aged 3-4 years with average live body weight 51.5±0.46 kg were used in this study. The animals were randomly divided into 4 similar groups (10 ewes each) according to their live body weight (LBW) and age. All animals were kept in a semi-open shaded yard and kept under the same managerial conditions during the experimental periods.
Animals of the first group were fed the control diet consisted of 40% concentrate feed mixture (CFM), plus 60% berseem hay (BH), while in the 2 nd , 3 rd and 4 th groups, BH had been replaced by edible parts leaves and stems of Acacia, Atriplex and Cassava, respectively. The CFM consisted of 25% undecorticated cotton meal, 43% yellow corn, 25% wheat bran, 3.5% molasses, 2% limestone, 1% common salt and 0.5% minerals mixture.
Animals were fed diets to cover their nutrient allowances corresponding to the physiological and productive stage according to NRC (1985) . Ewes were adapted to their diets for 4 weeks as preliminary period, and then fed experimental rations 4 weeks before parturition and continued to weaning their lambs (suckling period, 8 weeks). All animals were fed daily at 9 a.m. and 4 p.m., fresh water was available all times. Chemical composition on DM% (DM, OM, CP, EE, NFE and Ash), and some Macro (Ca, P, Na and K) and Micro (Fe, Mn, Mg, Zn and Cu) minerals g/kg of feed stuffs were analyzed according to A.O.A.C. (1995) and illustrated in Table (1). 
Samples collection and experimental measurements:
Blood samples were collected biweekly during experimental periods from the jugular vein of 5 ewes from each group, randomly chosen every time, into clean test tubes with anticoagulant. Blood samples were centrifuged at 3000 rpm for 20 minutes to obtain plasma and frozen at -20 o C for late biochemical assay. Plasma concentrations of some macro (Ca, P, Na and K) and micro-minerals (Fe, Mn, Mg, Zn and Cu) were estimated calorimetrically using commercial chemical reagent kits (Bio-diagnostic product Kit, Egypt). From each experimental group, 5 ewes were randomly selected each week for milk sampling. Milk samples were representing morning and evening milking.
Milk samples (approximately 100 ml for each) were collected from the 2 nd up to 7 th wk. of the suckling period. Milk samples were directly analyzed for Macro (Ca, P, Na and K) and Micro (Fe, Mn, Mg, Zn and Cu) minerals according to the methods described by A.O.A.C. (1995) using flames, atomic absorption spectrophotometer (Perkin Elmer model 460).
Statistical analysis:
Changes in mineral concentrations in ewes' blood and milk were statistically analyzed using General Linear Model's procedures of SAS GLM (SAS, 2004) , the model includes the effect of treatments (variables), sampling time (times) and their interaction beside the effect of repeated measurements. Means were compared via the LSMEANS/PDIFF of the same procedure. Values were considered significant at P ≤ 0.05. Means were tested using Duncan's multiple Range test procedure (1955) .
RESULTS AND DISCUSSION
Impact of feeding salt tolerant plants on blood minerals status:
A-Macro-elements: Table ( 2) demonstrated the results of feeding STP on macro-elements concentrations in the blood of Barki ewes. As compared with control ewes that fed BH, plasma level of P increased significantly in all groups fed salt tolerant plants while plasma Ca increased significantly in ewes fed Cassava. However, the ratio Ca/P did not affected. In accordance, EL-Bassiony (2013) found an increase in blood P in kids of Shami goats fed STP mixture compared with those fed BH. Also, Alazzeh and AbuZanat (2004) found that lactating ewes fed saltbush showed an increase in the blood serum concentration of P. However, EL-Hawy (2013) found that blood P decreased in Shami does fed STP mixture.
Feeding these salt tolerant plants resulted in insignificant increase in blood Na levels, with the highest average was in ewes fed Atriplex and Acacia. However, K levels did not affected by feeding these plants. Nasr et al. (2002) and EL-Bassiony (2013) reported that blood sodium (Na) increased by feeding STP mixture, and interpreted this due to high content of Na in Atriplex.
In early lactation the Ca and P regulatory mechanisms are adapted to markedly increased Ca and P demands occurred by the mammary glands. Mobilization of Ca from bone and absorption from the blood and gastrointestinal tract increases to enable the animal to synthesis milk ingredients (Liesegang et al., 2007) . Shawket et al. (2015) stated that the milk production of ewes fed fresh Atriplex and Acacia showed better persistency and lactation presumed to least 16 weeks. They also showed that both Na and K concentrations in the blood of ewes fed fresh Atriplex and Acacia were higher by 1.6 and 1.3 times than those fed control diets.
The levels of plasma Ca increased from pre-to post-partum stage, while, the levels of P decreased except for ewes fed Cassava. However, plasma Ca and P in all groups increased appreciably at the end of lactation stage. Likewise, the levels of plasma Na and K reached the highest levels at the end of lactation stage. Table ( 3) demonstrated the results of feeding STP on Micro-element concentrations in the blood of Barki ewes. Plasma level of Zn increased significantly by feeding Acacia. Plasma level of Mg was not affected by feeding salt tolerant plants. Feeding STP while led to significant increase in plasma Fe and Mn, led to significant decrease in plasma Cu. Masters et al. (2007) had warned about the risk of Cu deficiencies in sheep that fed saltbush due to the high salt content of these plants. Copper absorption is affected by the physiological stage of the animal, dietary level of copper (Jenkins and Hidiriglou, 1989) and interactions with phytate, ascorbic acid, fibre, tannin etc. which appear to complex with copper (Cousins, 1985) and other trace elements. A deficiency of copper results in glucose intolerance, decreased insulin response, and increased glucose response.
B-Micro-elements:
It is associated with hypercholesterolemia and atherosclerosis. Copper possesses an insulin-like activity and promotes lipogenesis (Kazi, et al., 2008) and (Ekmekcioglu et al., 2001) . In general, copper plasma level may be considered as a good reflection of Cu intake in ruminants; normal levels lie between 0.070 -0.120 mg/ dl (Tarour, 1975; Faye and Grillet 1984; Faye et al., 1990) . Accordingly, the recent changes in ewes plasma Cu were within the normal range.
For the effect of physiological status, plasma levels of Zn (µg/dl) decreased from pre to post-partum in all groups then increased at the end of lactation reaching its highest level especially in plasma of ewes fed Atriplex and Cassava.
Plasma Mg (ml/dl) increased from pre to post weaning in ewes fed Cassava, but in the other groups it showed a decrease from pre to post-partum then increased again to its high level.
In all groups, plasma Fe (mg/dl) increased after parturition reaching its high level at the end of lactation.
The changes from pre to post-partum in plasma Cu (mg/dl) showed that it increased in ewes fed BH (control) and those fed Atriplex, while decreased in ewes fed Acacia, but did not change in ewes fed Cassava. In all groups plasma Cu reached its highest level at the end of lactation. Plasma Mn (µmol/l) increased in all groups reaching its highest levels at the end of lactation.
Both Cu and Zn work together to support the metabolism and activate the enzyme cupper-zinc superoxide dismutase, which act as an antioxidant protect the cell from harmful reactive species. Since the cells constantly produce new reactive oxygen species, they depend on antioxidants to continually neutralize the components and prevent cell damage and the cells can continue to function properly. On the other hand, Zn is an integral component of a large number of metalloenzymes with important metabolic functions ranging from control of gene expression to metabolism of protein, fat and carbohydrate (Neldner, 1991) .
The lower concentration of Ca, Zn, Mg and Cu in the blood of ewes fed salt tolerant plants was mainly due to their content of secondary metabolites such as oxalic acid in Atriplex and condensed tannins in Acacia as stated by (James, 1977) and (Cheeke, 1995) who stated that oxalic acid binds with Ca and Mg forming insoluble salts and non-digestible components. Also, McDowell (1992) reported that oxalic acid and tannic acid as chelating agents interferes with Zn absorption. Furthermore, an imbalanced Ca/P ratio were found in ewes fed salt bush diets as a result of binding Ca with oxalate which could be improved by adding good quality Ca and P sources to the ewes diets during lactation period (Alazzeh and Abu-Zanat, 2004) . On the other hand, the high level of Ca in salt tolerant plants basal diets may be negatively affecting Zn availability and excessive dietary Ca is known to negatively affect concentration of Zn in animal body tissues (Alfaro et al., 1988 and McDowell, 1992) . Also, the decrease availability of Zn may due to the higher level of Mg and K in the diets of salt tolerant plants (McDowell, 1992) . The higher content of Se in Atriplex and Acacia than berseem hay may responsible of the significantly higher Se in the blood of ewes fed these plants compared with control diets.
The previous works exhibited conflict results. EL-Hawy (2013) found that Shami does fed STP mixture had higher blood values for Mg and Ca. ELHassanein et al. (2002) demonstrated that levels of Ca did not show significant differences in animals fed halophytes in fresh or silage forms and their control group which fed BH. Donia, et al. (2014) found that Shami goats fed STP mixture showed higher values of Zn, than their counterparts of the control group.
So, feeding ruminants on mixed saltbushes is desirable Hassan et al., 2015 and Shawket et al., 2015) because of combination of such shrubs lead to enhance their palatability, consumption and actually nutrients utilization.
Based on the present results it could be concluded that, the impact of using salt tolerant plants on blood minerals varied according to the animal physiological status (late pregnancy and lactation period).
Impact of feeding salt tolerant plants on milk mineral status: A-Macro-elements:
Table (4) summarized the effects of feeding salt tolerant plants (STP) on macro-minerals concentration in milk of Barki ewes. In general, feeding STP increased the overall means of Ca, P, Na and K concentrations in ewe milk compared with group fed control diet. Overall means of these minerals were the highest (P<0.05) in milk of ewes fed Atriplex that were 2.673, 0.869, 0.550 and 2.145 mg/l, respectively. Bayoumi et al. (1990) ; Rincon et al. (1994) and Hassan (2009) cleared that the halophytes contain high levels of Na, K and Ca, and this was reflected on animals' milk mineral profile. The present results are in agreement with those obtained by EL-Saadany et al. (2016) who recorded that Barki ewes fed Atriplex had the higher milk and blood mineral concentrations especially calcium and phosphorus. Likewise, Chadwick et al. (2009) reported that ewes grazing saltbush had higher total mineral content in their milk than pasture-fed ewes, with higher concentrations of K and P elements. Milk of camels fed Atriplex diet had higher (P<0.05) concentrations of Na, K and Ca than that those fed berseem hay diet (Shawket et al., 2010) . In contrast, Abbeddou et al. (2011) concluded that feeding ewes on Atriplex leaves did not increase either milk sodium or potassium.
In the present study, providing lambs with milk rich in Ca, P, Na and K was of great benefits. Calcium plays a very important role in structural and physiological functions such as maximizing production, minimizing health problems, allowing the muscle contraction and normal insulin production (Goff, 1999) . Providing adequate Ca and P could avoid occurrence of milk fever and decline in smooth muscle contraction, suppression of dry matter intake, increase in body fat mobilization in the form of non-esterified fatty acids (Martinez et al., 2014) , reduction of neutrophil function (Martinez et al., 2012 (Martinez et al., , 2014 . Phosphorous is essential for bone and teeth formation, and involve in many metabolic reactions and energy transfer within the body, efficient use of feed and normal growth (Cromwell, 1997) . Sodium is important for maintaining osmotic balance, in cellular uptake of glucose and in amino acid transport (NRC, 1985) . Salt deficiencies can affect the efficiency of digestion (Thiangtum et al., 2011) . The K requirement increases in diets with higher Na and Cl levels. In ruminants, K is essential for rumen microorganisms and feed intake (DeGaris and Lean, 2008) . All macro-elements increased with advancing lactation period reaching the highest concentration in milk at seven weeks. Lactation curve of ewes is characterized by fast reaching beak followed by gradual decline. Accordingly, milk is concentrated at mid and late lactation.
B-Micro-elements:
Feeding STP did not affect the milk concentration of Mn and Zn (Table 5) . However, feeding these plants resulted in significant decrease in Fe of milk especially in ewes fed Acacia (1.271 mg/l). Also, a significant decrease was observed in milk Cu in ewes fed Atriplex and Cassava. In the same trend, Chadwick et al. (2009) reported that ewes grazing on saltbush had a higher total mineral content in their milk than pasture-fed ewes, with higher concentrations of Na, K and P and lower concentrations of Fe.
The Fe decrease in milk might adversely affect lambs since iron is essential for formation of haemoglobin and myoglobin, beside cytochromes, catalases and peroxidases enzymes. In addition, the low Cu intake by suckling lambs might adversely affect glucose and fat metabolism according to Kazi, et al. (2008) and Ekmekcioglu et al. (2001) . However, these two elements increased in milk with advancing lactation (Table 5) , hence the risk of their deficiency might disappear gradually. It is very important to investigate the mineral status of lambs suckling milk from dams fed salt tolerant plants.
For the effect of physiological status, while Fe concentration in milk of ewes fed STP increased with advancing lactation, it decreased in ewes fed BH. From Table ( 1), Fe concentration in BH was higher, nearly double, than that exist in all STP. Levels of Mg increased in all groups with advancing lactation in spite of the great variation in its concentration in experimental feed ingredients. In the case of Mn level in milk, it was not changed in all groups except in milk of ewes fed Cassava whereas it increased at late lactation. It worthily to notice that, Cassava had the highest level of Mg (Table 1) . The levels of Zn and Cu increased in milk with advancing lactation in ewes of all groups but decreased in milk of those fed Acacia. This plant has very higher concentration of Zn, but has similar level of Cu when compared to the other feed ingredients (Table 1) .
It can be concluded that the milk concentration of micro-elements was affected by both their levels in feed ingredient and decreasing milk amount at last stage of lactation.
CONCLUSION
According to the present results of minerals profile in blood and milk, it could be concluded that, feeding salt tolerant plants, Acacia nilotica, Atriplex nummularia and Cassava manihot esculenta as alternatives to berseem hay did not cause any sever changes in studied macro and microminerals in both blood and milk of lactating Barki ewes except for Cu that must be provided to ewes to keep their normal metabolice and hormonal functions.
More studies are required for the effect of feeding these salt tolerant plants. Feeding ruminants on mixed saltbushes is desirable because of combination of such shrubs lead to enhance their palatability, consumption and actually nutrients utilization.
